Blindness from retinal disease is often the consequence of extensive damage to the photoreceptor cell population, while other cell types which form the neural retina are relatively spared. In this setting, transplantation of photoreceptor cells could offer hope for the restoration of some degree of visual function. We tt.oted the feasibility of this approach by transplanting immature retinal cells into the eyes of adult rats affected by late stage phototoxic retinopathy, which are almost totally devoid of photoreceptor cells.
INTRODUCTION
Grafting of immature retinal cells is one of the more novel approaches applied to the study of retinal repair and regeneration. The dramatic advances in neural transplantation made over the course of this decade have raised hopes that intraocular retinal transplants may be an effective means of providing viable cells to an irreversibly injured adult retina. At the very least, retinal transplants may shed new light on aspects of retinal development and plasticity; while at best they could provide the means for repairing damaged retinas. Recently we have reported on retinal transplants carried out under a variety of conditions, including across immunologic barriers/9,10,11,1 2/. Following that sequence of studies, this paper describes the results obtained from transplanting cell suspensions of perinatal retina into adult hosts affected by late stage phototoxic retinopathy. The results of these experiments are compared with the findings of previous studies dealing with retinal transplantation in the eye and central nervous tissue of mammalian species. 
MATERIALS AND METHODS

Donor Animals
Zero to 2 day-old rat (PN 0-2) pups of the Fisher 344 strain served as donors. These donors were decapitated by means of a small-animal guillotine, prior to enucleation, and their eyes collected in a Petri dish containing ice-cold calcium-magnesium-free balanced salt solution (CMF). The eyes were placed under a stereo microscope while still in cold CMF, and the anterior pole and the lens were then removed. The neural retina was then gently separated from the pigment epithelium and cut away from the optic nerve head.
Light lnduced Retinal Damage
Four groups, each consisting of eight male albino Fisher 344 rats, were used as hosts for this study, The rats, which were 60 days old at the beginning of the experiment, were kept in a darkened room for three days. During that period, a 15 Watt incandescent lamp covered by a dark red filter, Kodak Wratten Series 1, was turned on briefly, once a day, for animal feeding and handling. Just before the end of the dark adaptation period the animals were anesthetized and mydriatic drops (2.5% Neosynephrine, phenylephrine hydrochloride, and 1% Mydriacyl, tropicamide) were placed in their eyes. The rats were then individually housed in plastic cages illuminated by fluorescent light tubes suspended at 25 cm above the cages. Light intensity measured at the bottom of the cage by a Sekonik L-428 light meter was 3500 lux, approximately 300 foot candles (1 foot candle 0.0929 lux). The animals were kept in this environment for 4 weeks while given water and food ad libitum; food pellets were offered in containers resting on the cage floor. At the end of the exposure period, the rats were exposed for one week to a regimen of 12 hr light and 12 hr darkness using a light intensity of 14 foot candles, in order to allow stabilization of the retinal lesions. After this period, they were used as hosts for transplantation.
In each group four animals received transplants in both eyes, and four were transplanted in one eye only. 
Post-Transplantation Survival and Clinical Studies
Survival times ranged from 3 to 100 days post-transplantation. The animals received repeated fundoscopic examinations during this time. For this purpose the animals were lightly anesthetized with intramuscular ketamine and xylazine and examined before and after the application of dilating drops. Features of interest were photographed using a Kowa RC-2 fundus camera in conjunction with a 20 diopters aspheric lens.
Animal handling was performed in compliance with NIH policies for humane treatment of research animals.
Histological Techniques
At the end of the survival period, the animals were again anesthetized with ketamine and xylazine, and perfused through the heart with a mixture of 2% glutaraldehyde and 2% paraformaldehyde in a 0.1M cacodylate buffer, (pH 7.2-7.4). 
RESULTS
In Fivo Observations
The normal fundus of the young Lewis rat (Fig. 1) presents a centrally located, relatively small round optic nerve head. Six to eight arteries and veins radiate from the head of the optic nerve in a spoke-like fashion. The veins alternate with the arteries and are one and a half to two times as wide as the arteries. As the vessels leave the optic nerve head they tend to protrude directly forward, then gradually slope downwards toward the periphery. These vessels tend to have a straight course as they extend towards the retinal periphery, but send out multiple arborizations. The far retinal periphery is difficult to observe because of the astigmatism induced by the large round lens, characteristic of the rat eye. The optic nerve varies in color from red, to orange or pink. In the absence of pigment, the large choroidal vessels, which take long sinuous courses, can be easily observed. Fundoscopic observation of the same animals after a period of continuous light exposure shows thinning of the retina, and a concomitantly severe attenuation of the vascular beds of the retina and choroid (Fig. 2) . When examination of grafted animals was undertaken it was possible in some cases to confirm the survival and growth of the graft and to observe the focal rearrangement of vascularity through the transparent media of the recipient eye (Fig. 3) Histologically, the retina of animals exposed to continuous fluorescent illumination differs dramatically from that of sex and age-matched controls (Figs. 4,5 ).
Quantitative observations underlined the severity and extent of the damage. They indicated that the total retinal thickness was greatly reduced in the peripheral, equatorial, and central retinal sectors, both in the superior and inferior hemispheres ( to the point of near extinction, particularly in the equatorial and central retina (Table 2) .
Qualitatively the changes were equally dramatic. Light and electron microscopical observations confirmed the virtually complete degeneration of elements forming the outer retinal layers. The irradiated hosts showed complete absence of photoreceptor inner and outer segments throughout the retina. A few dystrophic rod cells consisting of a small spherical soma and a rudimentary pedicle were found forming a single, discontinuous row in the retinal periphery. Not only were these cells highly abnormal, but as shown in Table 2 , their numbers represented only a very small fraction of the normal population. The apical cytoplasmic processes of the Muller cells formed now the outer surface of the neural retina. They intermingled extensively with the microvilii emerging from the apical surface of the RPE. Both elements appeared hypertrophic, and partially filled the void left by the degenerated photoreceptors. In some instances the nmnber of nuclear profiles seen in the inner nuclear layer was lower than present in the retinas of normal rats of the same strain. The retinal pigment epithelium exhibited focal changes ranging from focal (Fig. 6 ). Fluorescence microscopy ( Fig. 7) showed these clusters to be formed by fluorescently labelled cells developing in intimate contact with the unlabelled host retina. In every case, clusters of rod cells developed with their somata forming an irregular outer nuclear layer closely integrated with the host (Fig. 6) . The rod cells were often grouped in rosettes. Rod cell inner segments developed consistently. As a uniform feature they possessed a basal body with a cilium emerging from it. The outer segments that formed in many of the rosettes tended to be defective, consisting of collections of irregular cisternea. Both conventional and ribbon synapses were present in large numbers within the patches of plexiform layer which developed around the clusters of transplanted photoreceptors (Figs. 8a and b) . Integration of the transplant with the host retina was revealed by physical continuity, common vascularization, and consistent lack of glial barriers around the transplants. 
